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MARS-3: ASTROPHYSICAL STUDY OF THE LOWER ATMOSPHERE 
AND PLANET SURFACE 

V. I. Moroz, L. V. Ksanfomal i t i ,  ?nd A.  E. Nadzhip, 
S e c t i o n  of  General  Phys ics  and Astronomy, 

USSR Academy of  Sc iences  

Three a r t i f i c a l  s a t ? l l i t e s ,  t h e  S o v i e t  Mars-2 and Kars-3 1369' 
aria t h e  American Yariner-9 were s e n t  i n t o  o r b i t  around Mars d u r i n g  
t h e  o p p o s i t i o n  pe r iod  i n  1971. Research which was c a r r i e d  o u t  by 

these sa t e l l i t e s  cons ide rab ly  i n c r e a s e d  o u r  knowledge of  t h e  

ne ighbor ing  p l a n e t .  We shall  deal here w i t h  some r e s u l t s  o f  f o u r  
experiments  c a r r i e d  o u t  on Mars-3: 1) measurement of t h e  i n f r a -  
r ed  b r i g h t n e s s  of t h e  tempera ture  o f  t h e  s u r f a c e  i n  t h e  8-40 pm 

range ,  2 )  t h e  de t e rmina t ion  o f  he ights  on t h e  s u r f a c e  by t he  

i n t e n s i t y  of t h e  a b s o r p t i o n  bands of  C02 X 2 pm, 3 )  measurement o f  
t h e  con ten t  of H20 i n  the atmosphere by t h e  i n t e n s i t y  o f  t h e  ab- 

s o r p t i o n  band X 1.38 pm and photometry i n  t h e  unbroken spectrum on 
the  f r i n g e s  of  t h i s  band, 4 )  photometry o f  t he  p l a n e t  i n  f i v e  
narrow s p e c t r a l  bands i n  the 3700-7000 1 range. 

i 

Problems,  which are so lved  by the i n s t r u m e n t s  enumerated are 
c l a s s i c a l  problems of t h e  a s t r o p h y s i c a l  r e s e a r c h  of  Mars, which 
has been conducted d u r i n g  many years from Ear th  o b s e r v a t i o n s .  The 
use  of a r t i f i c i a l  s a t e l l i t e s  f o r  conduct ing  r e s e a r c h  on Mars makes 
it p o s s i b l e  t o  i n c r e a s e  space r e s o l u t i o n  ( i n  an H23-photometer, 
f o r  example, by  up t o  5 km on t h e  p l a n e t ' s  s u r f a c e ,  i n s t e a d  of  
s e v e r a l  thousands of  k i lome te r s  f o r  E a r t h  o b s e r v a t i o n s ) ,  t o  avoid  
d i f f i c u l t i e s ,  caused by t h e  a b s o r s t i o n  o f  H20 and C02 i n  t h e  

E a r t h ' s  atmosphere and c a r r y  ou t  measurement a t  narrow a n g l e s  of 
i nc idence  and r e f l e c t i D n ,  unobta inable  from E a r t h ,  and e s p e c i a l l y  
t o  i n v e s t i g a t e  t h e  n o c t u r a l  s i d e  of  t h e  p l a n e t .  

* Numbers i n  t h e  m r g i n  i n d i c a t e  p a g i n a t i o n  i n  t h e  f o r e i g n  t e x t .  
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Mars-3 has a p e r i o d  of approximately 1 2  days,  and t h e  d i s t a n c e  
i n  t h e  p e r i c e n t e r  o f  t h e  o r b i t  was from 1000 t o  1500 km. Measure- 
ment was done d u r i n g  t h e  seven times t h a t  t he  p e r i c e n t e r  was 
passed; each t i m e ,  t h e  narrow band on the  s u r f a c e  of  t h e  p l a n e t  
was scanned (on account  of  t h e  sa te l l i t e ' s  movement) i n t e r s e c t i n g  
L t  f ~ o m  s o u t h  t o  n o r t h  i n  t h e  ranges from 50-60' s o u t h  l a t i t u d e  
t o  40-70' n o r t h  l a t i t u d e .  

Measurement was begun i n  December and completed In Narch. 
There was 3. d u s t  s torm on Mars d u r i n g  t h e  i n i t i a l  obse rva t ion  
period, bu t  i n  January  it died down. Comparison of t he  December 
and February o b s e r v a t i o n s  made it  p o s s i b l e  t o  s tudy f o r  t h e  first 
t i m e  some p r o p e r t i e s  of c louds ,  which almost  c o n p l e t e l y  cover  t h e  
p l a n e t  d u r i n g  d u s t  s t o r m .  

The n a t u r e  of  t h e  d a i l y  range  of tempera ture  o f  t h e  s u r f a c e  
i s  i n d i c a t i v e  o f  low thermal c o n d u c t i v i t y .  The thermal i n e r t i a  
c ons t an t ( k p c ) 'I2 5 0.006 cal=cm-2sec-1/2degree-1 i s  c h a r a c t e r i s -  
t i c  of d r y  d u s t  a t  low p r e s s u r e .  The d a r k  areas were 10-15O 
warmer t h a n  t h e  l i g h t  ones.  I n  t h e  n o r t h e r n  p o l a r  cap a r e a ,  
t empera tures  were recorded  approximate t o  t h e  tempera ture  of t h e  
condensa t ion  of CO2 -- which i s  a b a s i c  component o f  t he  Mart ian 
atmosphere.  It appeared tha t  t h e  d u s t  s torm has a s i g n i f i c a n t  
i n f l u e n c e  on t h e  p l a n e t ' s  t he rma l  c o n d i t i o n s ,  During a d u s t  
s torm,  the  s u r f a c e  was c o l d e r  t h a n  i n  t h e  "qu ie t "  t i m e  when the  
a tnosphere  was t r a n s p a r e n t .  Apparent ly ,  a temporary c loud  layer ,  
which forms d u r i n g  the dus t  s torm pe r iod ,  c r e a t e s  a type  of  
"ant igreenhouse" e f f e c t .  Dust c louds  p e n e t r a t e  shortwave s o l a r  
r a d i a t i o n  worse than  longwave p l a n e t a r y  r ad ia t io r , ;  as a r e s u l t ,  
t h e  s u r f a c e  c o o l s ,  and t h e  atmosphere heats up Cl-31. 

A l t i t u d e s ,  measured by C02 bands,  normally a g r e e s  s a t i s f a c -  
r a d i o  l o c a t i o n ,  where a comparison 
ground o b s e r v a t i o n  t r a c k s  

t o r i l y  w i t h  r e s u l t s  of  ground 
can be made. A l t i t u d e s  a long  
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f l u c t u a t e d  from -2 t o  +5 km. There was some c o r r e l a t i o n  between 
a l t i t u d e s  and a lbedo:  i f  da rk  and l i g h t  areas were a d j a c e n t ,  t h e  
dark s e c t i o n ,  i n  t h e  maJor i ty  of  c a s e s ,  was higher [l, 41. The 
a l t i t u d e  of  c louds  d u r i n g  a s torm was approximately 1 0  km, bu t  
t h e  upper boundary, a p p a r e n t l y ,  i s  very d i f f u s e .  

The water vapor c o n t e n t  was very  s m a l l  even f o r  Mars: t h e  

f e w  micrometers of p r e c i p i t a t e d  water on t h e  v e r t i c a l  c o l u m  from 
December t o  February,  i n  March inc reased ,  a p p a r e n t l y ,  t o  20 pm. 

The H20 c o n t e n t  i s  less t h a n  0.5 pm ove r  the  n o r t h e r n  p o l a r  cap. 
During t h e  l as t  o p p o s i t i o n  p e r i o d s ,  ground measurement of  t h e  

H20 c o n t e n t  ( an  averzge  f o r  t h e  whole p l a n e t )  showed a l a r g e  
amount o f  mois ture  (up t o  60 pm) f o r  the same season .  A r e d u c t i o n  
i n  t h e  amount of H20 i n  t h e  lower atmosphere was accompanied by a 
f a l l  i n  hydrogen c o n c e n t r a t i o n  i n  t h e  upper  atmosphere [5]. 

Comparison of photometr ic  p r o f i l e s  of Kars i n  the 0.7 and 
1 . 4  pm r eg ion  shows t n a t  there  i s  a c o n s i d e r a b l e  i n c r e a s e  i n  con- 
t ras t  a t  longe r  wavelengths d u r i n g  a s torm.  T h i s  agrees w i t h  
p a r t i c l e s  o f  approximately micrometer s i z e .  During a d u s t  s torm,  
b r i g h t  u l t r a v i o l e t  c louds  were observed,  l i n k e d ,  a p p a r e n t l y ,  w i t h  
even smaller p a r t i c l e s .  The t o t a l  amount o f  d u s t  i n  t h e  atmos- 
phere d u r i n g  a d u s t  s torm was estimated as be ing  l o 9  t o n s .  
Condensation c louds  w i t h  submicrometer p a r t i c l e s  were observed 
i n  t h e  area of t h e  n o r t h e r n  p o l a r  cap [l, 31. 
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